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Design Procedure of the Flexible Riser
Corresponding to the Sea Test

Tetsuya YASUDA*® Kimiaki KUDO*’
Tsuneo OKAMOTO** Yasuhiro GOTO**

JAMSTEC has been conducting a sea test of a flexible riser pipe utilizing a float-
ing offshore structure, off Yura port in Tsuruoka city in cooperation with Furuk-
awa Electric Co., Ltd. (FEC) and Royal Dutch Shell Co..

The first phase of the sea test was carried out from July to September, 1988. Sec-
ond phase has been carried out since July 1988 as international joint research effo-
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rt in cooperation with Royal Dutch Shell Co. and FEC.
Based on the experience in the first phase, the configuration of the flexivble riser
system was redesigned prior to the second phase sea test and installed in July,

1989.

The design conditions of the flexible riser system used in the second phase sea
test, design procerdure, resultsoftheoretical simulation, sketch of theinstallation

work on July and measurements performed in the sea test are reported in this

paper.

Key word: flexible riser, floating offshore structure, sea test, design condition,

simulation.
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Table 2 Design condition of the flexible riser

= 2

system
JK 8. 41. 0m
water depth
BEEH S YNL 12.0m
sea condition max. wave height
i JE] 4 11 sec
wave period
e pit 1 knot
current
Bl + 0. 5m
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FHEY 7K Eh at +10 m
position change horizontal
of the
platform $E U +0.5a
vertical
IR 7K [a] + 5 m
dynamic motion horizontal
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platform $} € A o) + 1n
vertical
&hbE 2 11 sec
dynamic motion
period
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sS2 .

At A—& Wi
Design parameters b. :

L#LOEITA 2 TOL TR

pipe length from top end to the buoys
ST 4 DBHTR &

length of the region where the buoys are attached
NATOHRAESY Y OARPEN

unit weight of the riser pipe in sea water

SEC A MR BORMESY VTR

unit buoyancy of the resion where the buoys are

attached )
b & DM 2 TOKPERRE
horizontal distance from top end to touch down point

LA TOIRAE

angle of the riser pipe top end
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Table4 Parameters of the designed flexible riser configuration

IH H i% JE fH
ltem Designed value
L0 T1ETCcCON, TR 45m
pipe length from top end to the buoys
SEL7 1 DB{TX &K 35m
length of the region where buoys are attached
ST Ao BURE 1D DFEN 36. 76kg/m
unit buoyancy of the region where buoys are
attached
Eim & biEMh S & TOKFIREE 73.01m
horizontal distance from top end to the touch
down point
LBt 4 T OXIFHE ~-90deg
angle of the pipe top end
J
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Tabled Result of 2—dimensional static analysis

JH H ¥ C R L HE £ UT% D /A
[tem Far point(C) | ref. position | Close point (D)
WiE»S>D | H1 (ki) 42.18 34.68 27.18
& (m) | pipe top end
Height | ~
from H2 (B/pgi) 23.41 13. 64 5.82

sea bottom | btm of Lazy wave

H3 (BKR) 24. 19 27. 31 29.09
top of Lazy wave
{E Ff fef 26 915k 71 (k g) 2,079.83 1,7712. 11 1683. 86
(_Evm) tension
top end
load ghiy (kg - m) 3,327.08 1, 351.29 929. 40

bending moment

{E H faf B 5157 (k g) 1,196. 41 333.97 98.46

(P i) tension

bottom end '

load ghiy (k g - m) 7.49 26. 40 70. 170

bending moment

iR ¥ 2.25 4. 61 6.51
(m) pipe top end

bending §

radius TN =1 32.95 11.83 1. 15

btm of Lazy wave

TN = 33.38 11.15 5. 78
top of Lazy wave

FEth & 32.56 9.24 3.45
touch down point

EFimk o K¥shfE (m) 97. 21 13.01 94. 12
{5 $ T | horizontal dist.

top end ~ |

touch down | 7¥1 7k (m) 111. 217 102. 12 98. 46
point pipe length

i
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Fig. 16 Dynamic change of the riser pipe configuration
( 2 dimensional dynamic response analysis)
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AR OB B ORISR (2 IRouEIHIZAEIEHT)

Table 6 Result of 2—dimensional dynamic response analysis

IH H HWAH AR T B =
Far point(A) | Cloce point(B)
HEMSO | H1 (L) max 42.18 min 34.18
=& (m) |pipe top end
Height
from H2 (/) max 20. 56 min 7. 31
sea bottom | btm of Lazy wave
H3 (AR) min 22. 30 max 30.41
top of Lazy wave
{EH fai &8 51587 (kK g) max 2,467.63 | max 2, 180. 74
(_E¥m) tension
top end
load iy (k g - m) |[max 4,236.97 | max 2, 716.33
bending moment
{ER R & 9|81 (k g) max 1,682.26 | max  195.53
("Fum) tension
bottom end |
load fhiif (kg - m) | max 39. 78 | max 42.92
bending moment
Hh i 25 g min 2.16 min 3.61
(m) pipe top end
bending _
redius T Y= min 13.80 min 6.00
btm of Lazy wave
T g = min 10. 54 min 7.44
top of Lazy wave
s y=1 min 10.25 min 2. 91
touch down point
NPy JKEEEEE (m) max 98.82 max 56. 70
}gEHh i ¥ © | horizontal dist.
top end ~
touch down | 24 7 (m) | max118.05 max 97. 47
point pipe length
JA
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Photo 2 Attaching the buoys to the riser pipe
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Photo 1 Pipe lay work

EOWAELRBED7 —5 4 v 7O FEIcE L
T, B 1 HEEEROBICEEICERY A IEAD
74— FEGRIGEICED T 1o,

BER TEHIC Y ->THR, 5S4 ¥F-—EL2&HER
IKHhHETRETIVNERD S, £/, REDF
RTEEROMNBENEENE L X FTNIBGicd 5

JAMSTEC R 23 (1990)

EEZEZoNDT, THEIRTILOFIEESATT
TH LN,

(1) BEENEIERAND 2G5 ICEETERICRE -
T4 ¥ —BEEHER L L KROBEMARARED ~ ¥
h—HfE (vYvh-—REBEMNE) 2FEICTK
Wi,

(2) RETEOKRSTERANE L EENELOD
MO B BRIl CttAiBEEER) L7
(3) BETEOKEATOEREI SRy v —
B EEMEOEE (BFABEEOEERICBY S
B) Zal®E L 7o

(4) 51 PEERFERIC THERADBERME
HHly 254 (RPSYRF L) 2FHLTY V
H—RERDONEH L %2fT-7To 2%, YA —
B EEMNEORFCEEREEEX, TOEF%
EARABICB I - ZRETRELT, BEH» S
DM BEBRE Lz, COMED (3) OHE
fIE & [E% ¥ S N 5 £ TR DALE % BIE
FTacsickhBHLET -7 (BES3),
(5) SA¥F—EFE~OHFE T 1 ODRYTERBE X<
T 1%, BRI FTICHfMEZ~—7 L,
(6) AV —EHXRTTH, RPSYRTF Al
X054 F-—BOBEIREWARELY v — &
RERIL, 2t U=tk o L CREE { BT
THAHEEER L @11,

LR

i

ol

BB 3 54 ¥ & TSy v H —OBERHE

Photo 3 Positioning of the sinker at the bottom

end of the riser pipe

93



oW N
Pulse generators ;
it H i i

+ Target Position
e i

» Actual Position

W e

REN A

B BB E ACTUAL POSITION
w51 TARGET POSITION
R (1979.07. 22)
PULSE
GENERATOR 2 : :
N W N w
#1 111.76m | -41.69m | 108.45m | =50.03m
#2 62.29 6.67 60.62 ~ -4.38
#3 18.48 ¥ 65 21.00 -7.58
#4 39.33 - -48.76 41.30 -49,22
&1 - - 18.09 -21.66
&2 - - 30.55 -25.70
&3 = = 42.80 -29.03
wittivy

AZIMUTH :© 297.5 deg.

50 =50 -100
IR AR LS
ing offshore structure

Ll
Reference Position

X 17 74 ¥ —FRUVAEHOKENE
Fig. 17 Target and actual setting position of the riser pipe and pulse

generators
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Table 7 Instrumentation

st IH E it &5
Measuring itenm Equipments
[ - BR
weather & sea cond. *
ABT i Vx—T 545 —
wvave waverider
2 (RICIEIRET *
2-dimensional wave height meter
HRELAl 7 4 *x
vave measurement buoy
Ja B\[o] @£ st
wind ultrasonic wind sensor
iRy oit[a] o At
current current meter
7KE JKEET
water temperature water temperature sensor
85y W4y e Rt
salinity salinity sensor
=R ST Rt (v F, v—0)

platform motion

54—
flexible riser pipe

k71, HE

tension, bending mom.

N

inner pressure

=y )

motions

clinometer(pitch, roll)
HOEt (3 —4 >~ 7))
gyro compass (yaw)
haEE T
acceleration sensor
BEMAERHZEE (RPS)

Riser Positioning System

o — N4

loadcell

FE &t

pressure gauge

IPEIEE

acceleration sensor
BEMERERE (RPS)

Riser Positioning System

K7 v EaEy b

underwater TV robot

¥ AeAaRHMI B SRR

Ship Research Institute

¥ RIT

Japan Meteorological Agency

JAMSTEC R 23 (1990)
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